Background: Enamel matrix derivative (EMD) is a composite of proteins that was demonstrated histologically to work as an adjunct to periodontal regenerative surgical therapy. The purpose of this study was to evaluate the clinical and histologic effects of EMD as an adjunct to scaling and root planing.
namel matrix derivative (EMD) was introduced in 1997 1 and has become one of the most heavily researched dental products. 2, 3 EMD is a composite of enamel matrix proteins, 4 90% of which is composed of porcine-derived amelogenin. 5 EMD was demonstrated to be safe for human use. 6 Cohort studies, 7 clinical controlled trials, 8, 9 and histologic evaluations all attest to its value as an adjunct to periodontal regenerative therapy. 10 However, EMD's greatest benefit may be its potent biologic effects. EMD stimulates fibroblast proliferation, the growth of periodontal ligament (PDL) cells, osteogenesis, and the proliferation and differentiation of osteoblasts; 11, 12 it also prolongs osteoblast growth and enhances trabecular bone regeneration, [13] [14] [15] promotes osteoprotegerin production, 12 and enhances osteopontin expression and transforming growth factor-beta1 production. 16 EMD stimulates bone sialoprotein, signal transduction of bone morphogenetic protein, release of vascular endothelial growth factor, and angiogenesis. 17 EMD also has antiinflammatory properties. It limits the release of proinflammatory cytokines, modulates tumor necrosis factor-alpha and prostaglandin, and inhibits caspase activation. 18, 19 EMD has a negative effect on the growth of periodontal pathogens and might be useful as an antiadhesive agent for breast cancer cells. 20, 21 The benefits and limitations of scaling and root planing have been well documented. [22] [23] [24] Several articles [25] [26] [27] analyzed the combination of scaling and root planing with EMD. After scaling and root planing and treating the root surfaces with EDTA, EMD was inserted into one-half of the pockets in 28 subjects. 25 After 3 weeks of healing, there was no difference in probing depth (PD) reduction between test and control sites; however, there was less postoperative pain in sites treated with EMD. 25 A similar study 26 compared scaling and root planing alone to scaling and root planing with EMD. After 3 months, there was no difference in PD reduction and clinical attachment level (CAL) gain. Mombelli et al. 27 also compared scaling and root planing with and without EMD; one-half of the subjects also received antibiotics. At the 12-month evaluation period, sites treated with scaling and root planing plus EMD plus antibiotics gained a larger amount of clinical attachment. The above studies do not support the use of EMD as an adjunct to scaling and root planing. There may be an increased CAL gain if antibiotics are used.
Several studies [28] [29] [30] reported on the histology of wound healing after scaling and root planing alone. In 1937, Skillen and Lundquist 28 evaluated the histologic healing response in one subject. Two root surfaces were analyzed at 4 weeks. In both specimens, epithelium proliferated and covered the root surface so rapidly that reattachment of connective tissue (CT) was prevented. Dragoo 29 performed a histologic examination of wound healing after the scaling and root planing of 20 teeth in 10 subjects. Healing was observed at 1, 6, 8, and 12 weeks. In all specimens, the junctional epithelium migrated past the root notch placed at the apical extent of root planing. No new cementum (NC) was noted in the root notch of any of the specimens. In another study, five subjects with a total of 12 teeth and 24 root surfaces were analyzed after treatment with scaling and root planing, followed by chlorhexidine rinses in one-half of the subjects. A notch was placed in the root at the apical extent of instrumentation. En bloc biopsies were removed after 8 weeks. In all instances, healing was by a long junctional epithelium, sometimes extending beyond the root notch. 30 Only a single study 31 histologically evaluated scaling and root planing with EMD in humans; 16 teeth in 16 subjects were removed en bloc 6 months after scaling and root planing, 10 with and six without EMD. No notch was placed in the root surface to indicate the apical extent of root planing. All six specimens treated by scaling and root planing alone healed by a junctional epithelium. Two of the 10 specimens healed with a histologically insignificant amount of NC (0.5 and 0.2 mm) and new bone (NB; 0.3 and 0.2 mm). The purpose of this study was to further investigate the histologic response of EMD combined with scaling and root planing.
MATERIALS AND METHODS
Four subjects were recruited who had been diagnosed with severe chronic periodontitis (PD and CAL >7.0 mm) and scheduled for complete dentures (one female and three males; mean age: 58 years; range: 37 to 77 years). The subjects were recruited from May 2000 until June 2002. Each patient signed a University of Texas Health Science Center at San Antonio institutional review board-approved consent form that each individual read and then received a verbal explanation concerning the details of their participation, including risks and benefits and that they were free to remove themselves from the study at any time. All of the patients were in good health, and none smoked. One clinician (Dr. Mellonig) performed all of the procedures mentioned below. All teeth underwent soft tissue measurements using calibrated University of North Carolina 15-mm probes, including Histologic Healing/ Regeneration No splinting or other method of tooth stabilization was used. At the conclusion of instrumentation, a round 1/2 bur was inserted into the pocket as far as it would reach or until slight resistance was met at the base of the pocket. The bur was backed off from the base of instrumentation ‡2 mm. A notch was placed on the root surface to serve as the histologic marker for histomorphometric measurement. EMD, † 30 mg/ml, was inserted into the pocket to the base of the lesion and was allowed to exude from the pocket. No EDTA or other root surface modification was used to avoid additional variables. A periodontal dressing was placed to assist in retention of the EMD. No antibiotics or analgesics were prescribed. The patients returned at 1 week for dressing removal and supragingival scaling. Each subject was seen every 2 weeks for supragingival scaling and occlusal adjustment, as needed, for 6 months. At 6 months, PD, CAL, and gingival recession (REC) measurements were repeated (Tables 1 and 2 ). Each test tooth was removed en bloc as described by Bowers et al., 32 with one exception. The crown of the test tooth was cut off 2 to 3 mm above the gingival margin, and a groove was cut into the occlusal surface in a buccal-lingual direction. After the en bloc biopsy was removed, the residual alveolar ridge defects were reconstructed with the guided bone regeneration technique using freeze-dried bone allograft ‡ and a bioabsorbable physical barrier. § The patient was referred for prosthetic rehabilitation after 3 to 4 months of wound healing. The patients received complete dentures or implant-supported overdentures. The specimens were fixed in 10% neutral buffer formalin with 1% CaCl 2 , decalcified in EDTA, and embedded in paraffin. The buccal-lingual groove served to orient the specimen in the paraffin block to ensure a cut perpendicular to the notch. The specimens were sectioned at 6 to 8 mm. Once the notch was identified, every tenth sectioned histologic section was captured and stained with hematoxylin and eosin (H&E). Only stained sections in which the entire notch area was clearly identifiable were subjected to histomorphologic analysis using a light microscope with a camera. The digitized image was saved and analyzed using specialized image software. i The program was calibrated to obtain a 1:1 ratio with the linear measurements on the slides. The amount of NB, NC, new PDL, and new CT and the length of junctional epithelial attachment were recorded (Table 3 ). 
RESULTS
The clinical and histologicresultsarepresented in Tables 1 through 3 .
Patient 1
The tooth included in the study was the upper right central incisor, which had an initial PD of 10 mm on the mesial aspect and Miller Class II mobility. Bone loss, as determined radiographically, was almost horizontal except for a slight <1.0-mm angular defect. At 6 months, PD was 2.0 mm. There was a CAL gain of 6 mm. This site healed by regeneration and new attachment (Fig. 1) .
Patient 2
The tooth included in the analyses was the left maxillary canine that initially had an angular bony defect of 4.0 mm, with a PD of 15 mm and Class II mobility. There was a notable 10-mm reduction in PD and a CAL gain of 8.0 mm (Table 2) . Histologically, healing was by regeneration. The junctional epithelium extended apical to the alveolar crest by 0.33 mm (Table  3 ; Fig. 2 ).
Patient 3
The tooth included in the study was the right maxillary central incisor. This tooth presented a radiographic angular bone defect ;3.0 mm and a PD of 13 mm. At the end of treatment, a significant PD of 9 mm remained (Table 1) . Wound healing in this patient occurred by a slight amount of regeneration. NC extended coronal to the root notch by 0.50 mm. New attachment of 1.02 mm was by CT adhesion to the dentinal root surface without any NC (Table 3 ; Fig. 3 ).
Patient 4
The analyzed tooth was the lower left lateral incisor. This tooth presented a CAL of 7.0 mm, a PD of 7.0 mm, and Class I mobility (Table 1 ). There was no new attachment or regeneration because the gingival margin migrated below the root notch (Table 3) . This tooth was not removed for histologic examination.
DISCUSSION
The results of this study suggest that EMD can be used as an adjunct to scaling and root planing in deep periodontal pockets in which other surgery is not feasible or is refused by the patient. The findings of NB, NC, and new PDL were not expected. There are several possible explanations for the results in this study.
1) The histologic reference notch was placed in a non-contaminated zone on the root. This is certainly possible, but every effort was made to put the notch ‡2.0 mm above the base of instrumentation. Furthermore, the pattern of NB formation suggests that if this were true, there should be some evidence of a bur wound in bone and subsequent repair evidenced by a reversal line. This was not the case in any of the three specimens.
2) There was a lack of controls, but this study was meant to be a case report of unusual observations. However, there are numerous historic histologic controls. [28] [29] [30] [31] There is a total of 61 human block sections of scaling and root planing in humans, all healed by junctional epithelium. In addition, there are ;39 block sections in humans of wound healing after treatment by open flap debridement. [32] [33] [34] [35] All of these sections healed by junctional epithelium to the apex of the notch and sometimes beyond, with no evidence of cementum. The evidence seems to be overwhelming that treatment by scaling and root planing results in an epithelial attachment. [28] [29] [30] [31] Therefore, including controls in this study seems superfluous. Furthermore, the power of a randomized controlled clinical study would be much higher than four subjects. This would make such a study prohibitive from a financial and subject point of view. 3) There was a bias toward favorable results; however, just the opposite was true because biologic evidence indicates that to regenerate the periodontium, the fiber attachment at the base of the defect must be removed to allow the egress of cells from the PDL. 36, 37 4) There was no limit on the time for scaling and root planing. Every study 22, 23 that evaluated the removal of subgingival calculus on single-rooted teeth indicated that a significant percentage of calculus remained. This is also more than likely for the cases in this report.
5) EMD promotes apoptosis of epithelial cells. 5 Anything that delays the downgrowth of epithelium allows time for the regeneration of the attachment apparatus.
6) EMD has a negative effect on the growth of putative periodontal pathogens. 20 This would be similar to the effect of antibiotics and would promote subgingival wound healing.
7) EMD has a myriad of biologic effects. EMD promotes cementogenesis and osteogenesis 13, 38 and stimulates the release of bone inductive, growth, and anti-inflammatory factors from cells. 18 8) A 2-week recall would help to control bacterial plaque and, therefore, promoted a better outcome. 39 9) It is also possible that the results reported here may be an aberration because the results in other articles 25, 26, 31 after scaling and root planing with and without EMD showed little or no difference with regard to clinical or histologic parameters. 10) Creating a root notch for histologic observations may have fostered NC in the notch. This seems unlikely because after scaling and root planing, as well as open flap debridement, histologic findings in humans showed healing with epithelium to or beyond the notch, with no NC. [33] [34] [35] 11) The use of a diamond-tipped instrument during root planing may have removed epithelium, exposed CT, and induced attachment. This also seems unlikely because histologic findings in humans in which epithelium removal was attempted with an internal bevel or crestal incision showed that it was ineffective in removing pocket epithelium. 40 Furthermore, there is no human histologic evidence that the removal of all pocket epithelium will result in NB, NC, and new PDL.
The results obtained in this study are not just a simple matter of scaling and root planing and placing EMD into the pocket and in no way should be considered a substitute for surgery where it is appropriate. Each test tooth received subgingival scaling and root planing with a diamond-tipped ultrasonic instrument in an aggressive manner as possible without anesthesia. A strong attempt was made to instrument to the base of the pocket. The average instrumentation time in this study ranged from 9 to 11 minutes for a singlerooted tooth. Therefore, this procedure is just as demanding as surgery; the duration of treatment may be longer, and the results may be less predictable.
CONCLUSIONS
This study demonstrated that periodontal regeneration may be possible after the use of EMD combined with scaling and root planing. This technique may have use in patients in whom surgery is not an option or in those who refuse surgical intervention. The results of this study may also be viewed as an aberration because other studies 25, 26, [28] [29] [30] [31] did not confirm the clinical or histologic results reported here.
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